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Abstract

The Variable Dynamic Testbed Vehicle (VDTV)
is presently being developed by the Na-
tional Highway Traffic Safety Administration
(NHTSA). It is being designed to have a “steer-
by-wire" front steering system and an indepen-
dent rear steering system. These steering sys-
tems enable the VDTV to emulate the direc-
tional control characteristics of a broad range
of passenger vehicles. In this study, a “model-
following” control method is used to modify
both the steady-state and transient lateral re-
sponse characteristics of a small-size VDTV to
match those of compact-size and mid-size vehi-
cles. For two classes of steering inputs considered
in this study (“pseudo-step” and “sinusoidal”),
the model-following control design method al-
lowed the VDTV to accurately and robustly track
the lateral responses of the target vehicles over a
range of forward speed.

K e y  W o r d s : Four-wheel-steering, model-
following control method, reference model control
method, steer-by-wire, variable dynamic vehicle.

Introduction

To study the correlation between vehicle re-
sponse characteristics and driver commands rel-
ative to crash avoidance, the National Highway
Traffic Safety Administration’s Office of Crash

. Avoidance Research (OCAR) has at its disposal

a comprehensive set of tools and facilities. These
include the Vehicle Research and Test Center,
and the (currently being developed) National Ad-
vanced Driving Simulator. To augment these
tools and facilities, OCAR has defined its concept
of a Variable Dynamic Testbed Vehicle (VDTV).’
This vehicle will be capable of emulating a broad
range of automobile dynamic characteristics, al-
lowing it to be used in developing collision avoid-
ance systems, and conducting driving-related hu-
man factors research, among other applications.

Vehicles with "programmable" response char-
acteristics have been proposed and developed in
the past. In the 1970’s, an experimental vehicle,
called Variable Response Vehicle, was developed
by the General Motors Corporation for vehicle
handling research.2 It had independent electro-
hydraulically controlled front and rear steering
actuators and a front steering-feel system. These
controlled systems enabled it to emulate a vari-
ety of directional control characteristics. In the
1990’s,  a similar research vehicle, called Simula-
tor Vehicle, was developed by the Nissan Motor
Company.3 Both yaw rate and lateral acceleration
response characteristics of this vehicle could be
varied independently via software changes to the
control algorithms. It was used to study the re-
lationship between a driver’s perception and the
actual vehicle handling quality.

To emulate both the lateral and longitudinal
response characteristics of a broad range of vehi-
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